The global positioning system (GPS) technology is being used in various fields including agriculture, aviation, environment, defence, navigation, public safety, railways, *etc*., and also in the field of medicine. GPS provides much needed contextual information (*e.g*. location), and helps in exploring potential associations of how people are influenced by environmental factors such as housing, density of population and external environment[@ref1]. GPS receiver and Google Earth (a geobrowser) together can be used to measure (spatial map) the distribution of the diseases in a specific geographical area.

Cholera occurs in sporadic, endemic, epidemic and pandemic forms. Large deltaic areas of Ganges and the Brahmaputra rivers are considered to be the homeland of cholera. In India epidemics of cholera are quite frequent. An average of 22,000 cases occur annually with a case fatality ratio (CFR) of 0.52 per cent[@ref2]. In most parts of the world *Vibrio cholerae* El Tor biotype is the main cause of the outbreaks, which causes mild and asymptomatic diarrhoea as compared to the classical type toxigenic strains of *V. cholerae* belonging to the O1 and O139 serogroups which cause a devastating type of diarrhoa[@ref3].

In India there are no published studies regarding investigation of cholera outbreaks using GPS technology and Google Earth. Hence, this study was undertaken with the primary objective to find out the role of GPS technology and Google Earth in the investigation of a cholera outbreak and also to identify the cause of the outbreak so as to recommend control measures.

Material & Methods {#sec1-1}
==================

*Field survey*: A cholera outbreak occurred in June 2013 at Maruthinagara village of Bengaluru Urban district, Karnataka, India. This village was covered under the field practice area of the rural health training centre (RHTC), department of Community Medicine, Bangalore Medical College, Bengaluru. The outbreak lasted for a period of 11 days (8-18 June, 2013). The Community Medicine department investigated this outbreak. All 3180 people living in the affected village were included in the study. A house-to-house survey for acute watery diarrhoea cases was done using a standard questionnaire which had information on age, sex, socio-demographic profile, source of water, environmental sanitation, food intake, travel history, *etc*. Standard case definition of cholera was used in the classification of cases: *(i)* in an area where disease is not known to be present, severe dehydration or death from acute watery diarrhoea in a patient aged 5 yr or more. *(ii)* laboratory criteria for diagnosis: isolation of *V. cholerae* O1 or O139 from stool samples of any patients with diarrhoea[@ref4][@ref5]. In case of locked houses, information was obtained from their neighbours. The neighbouring villages were excluded as no cases of acute watery diarrhoea were reported from them.

*Spatial mapping using GPS coordinates*: A handheld GPS receiver (Garmin GPS 72H) was used in the investigation. GPS receiver was switched on in front of the household of cases and the GPS information page displayed information regarding speed, elevation, satellite location, satellite signal, date, time and GPS receiver\'s current location (*i.e*. latitude and longitude in terms of degrees and minutes). These values were recorded in the standard questionnaire. All households with cases in the village were located to be spatial mapped. Similarly, GPS coordinates of suspected water sources were also recorded to be spatial mapped.

*Spot map using Google Earth*: On entering the GPS coordinates (obtained during the household survey) in a computer with Google Earth map (software) installed, the locations of households of the cases were pinpointed and displayed on the map. Subsequently locations of households were integrated with the thematic layers of Google Earth to generate the spot map.

*Laboratory sample collection*: Water samples were collected from all suspected sources which included three borewells and three household taps. After flaming the mouths of the taps, water was collected in sterile bottles with alkaline peptone water as transport medium and sent to the microbiology laboratory in reverse cold chain (vaccine carrier). The sample was cultured in bile salt agar with peptone water tellurite (PWT) as enrichment medium.

Results {#sec1-2}
=======

The spot map generated using GPS coordinates and Google Earth showed clustering of cases around the suspected sources of water. These waypoints and routes saved in the GPS receiver were useful in the follow up of the cases. The Google Earth aerial view also identified the affected area from its surroundings, and gave information on the area which required action in the village. The spatial distribution of cases also showed the distance of the household from each other, from the source of water supply and distance to the nearest government health care provider. The spatial mapping of the cases is shown in [Fig. 1](#F1){ref-type="fig"}.

![Spot map showing spatial distribution of the cases using GPS and Google Earth.](IJMR-142-533-g001){#F1}

Of the 3180 residents in the village, 390 (185 males, 205 females) consumed water from a particular source and all the 27 cases occurred amongst them (Hence, only 390 were taken as denominator for calculating attack rate). The primary case was a 21 yr old female who developed acute watery diarrhoea on June 8, 2013. None of the patients gave any history of travelling.

The age distribution of the cases ranged from 5 months to 93 yr. Male to female ratio was 1:1.55 ([Table](#T1){ref-type="table"}). The time distribution or epidemic curve of acute watery diarrhoea outbreak is shown in [Fig. 2](#F2){ref-type="fig"}. The peak of the epidemic was seen on the third and fourth day of the outbreak. The course of the disease was on an average 2-7 days. The attack rate was 6.92 per cent (27 cases) and case fatality rate was 3.7 per cent (1 death). The attack rate was highest among 0-4 yr age group, 15.62 per cent (5/32) and among females 7.80 per cent (16/205). All cases presented with diarrhoea, 11 (40.74%) cases with vomiting, six (22.22%) with nausea, five (18.52%) with nausea and vomiting both and two (7.4%) with blood and mucus in stools. Three patients were hospitalized. Eight patients were treated with oral rehydration solution (ORS) and antibiotics, seven with ORS, intravenous fluids and antibiotics, two (7.4%) with iv fluid and antibiotics, five were given only ORS and another five cases did not take any treatment.

###### 

Age and gender distribution of cases (n=27)
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![Epidemic curve of cholera outbreak, June 2013.](IJMR-142-533-g003){#F2}

The residents in the affected part of the village received water supply from three bore wells through pipelines which were interconnected. These pipelines were in close proximity with surface drains and at some places due to damage in pipelines the drinking water had come in contact with drainage water. There was indiscriminate garbage dumping in the area and open air defecation by children. Overcrowding was observed and housing standards were poor.

Water samples were collected from the three bore wells suspected to be the source of outbreak and three household taps. *V. cholerae* O1 Ogawa (only one strain) was isolated from all water samples. Stool sample microscopy (hanging drop preparation) of the index case done at the government hospital, revealed organisms with darting motility resembling *V. cholerae*. Preventive measures undertaken were cleaning of surface drains, disinfection of water source by chlorination, distributing of halogen tablets (chorine) for household purification of water and removal of garbage. Damaged pipes were repaired. Health education on prevention of water borne diseases was also given to the residents through distribution of pamphlets in local language.

Discussion {#sec1-3}
==========

The advantage of spot map constructed with GPS technology and Google Earth was that an accurate identification of households where cases occurred, suspected source of contamination, the locality, topography and distance to nearest health centre was made available. Appropriate documentation of morbidity and mortality data is an issue in a resource scarce and vast country like India. Now with GPS technology, the location of the cases can be recorded permanently, and can be cross-checked independently. GPS technology and Google Earth will also be very useful in the data storage and retrieval at a later date for comparison and trend analysis. The advantage is that the GPS technology and Google Earth can be used at an affordable cost, thus avoiding use of expensive sophisticated software like Geographical Information System and other technologies available.

A study revealed that the GPS data could be used for mapping out the distribution of malaria vector mosquitoes, along with monitoring and evaluation of malaria control activities in various countries and also for risk mapping in analyzing the past as well as the present trends[@ref6]. Another study used GPS data to show the geographical distribution of HIV infected patients and observed that the data could be used to implement the rollout of treatment as prevention in an efficient manner[@ref7]. We have earlier shown the effectiveness of GPS in describing accurately the distribution of anaemia and malnutrition among 5-10 yr children[@ref8].

The cholera outbreak in this study was possibly due to the leakage in water supply, open air defecation near the source of water supply, water for drinking purposes not purified before drinking, no chlorination of water, and low socio-economic status of the population leading to poor environmental hygiene. The present outbreak was in concordance with sporadic outbreaks of cholera reported in most parts of India throughout the year. The attack rate and case fatality rate observed for various cholera outbreaks were 53 per cent and none[@ref5], 11.6 and 0.8 per cent[@ref9], respectively. Adults constituted majority of cases similar to that reported earlier[@ref10][@ref11]. *V. cholera* O1 Ogawa was found to be the causative agent in other outbreaks reported[@ref3][@ref12]. Cholera outbreaks have been reported due to human consumption from contaminated water sources[@ref3][@ref13][@ref14]. Cholera continues to be a growing concern in most developing countries and constantly changing causative strains[@ref15][@ref16].

In conclusion, GPS technology and Google Earth were easy to use, helpful to accurately pinpoint the location of household of cases, and construction of spot map for the cholera outbreak.
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